Potential mechanisms of Passiflora incarnata extracts and the effect of extraction methods on ingredients and biological effects were explored. Using the same batch of plant material, total flavonoid yields as measured by high performance liquid chromatography coupled to diode array detection (HPLC-DAD) increased substantially with hot vs. cold extraction methods.
Introduction
Passiflora incarnata (Purple Passionflower) is an indigenous American vine with white and blue or purple flowers and an edible fruit (Dhawan et al. 2001a) . Its medicinal use originated with native Americans (Spinella 2001) , and its most popular uses are for insomnia and anxiety (Carlini 2003) as well as epilepsy (Spinella 2001) . Passiflora incarnata is listed in the pharmacopoeias of Great Britain, United States, India, France, Germany, Switzerland and others (Dhawan et al. 2001b ). The active ingredients have not been conclusively defined (Carlini 2003) . Most available data suggests flavonoids as possible active ingredients (Speroni and Minghetti 1988; Dhawan et al. 2001b; Dhawan et al. 2003) .
Studies in animal models show efficacy of Passiflora extracts and flavonoid fractions against pentylenetetrazol (PTZ) induced seizures (Speroni and Minghetti 1988; Nassiri-Asl et al. 2007; Nassiri-Asl et al. 2008 ). This effect of Passiflora can be inhibited by the benzodiazepine site antagonist Ro 15-1788, suggesting the involvement of GABA A receptors (Medina et al. 1990 ). Flavonoids bind with high affinity to the benzodiazepine site of the GABA A receptor (Medina et al. 1997; Marder and Paladini 2002) , but appear to modulate GABA A and also GABA C receptor currents by a different mechanism than benzodiazepines (Goutman et al. 2003; Kavvadias et al. 2004 ).
In 3 clinical trials, Passiflora extracts showed anxiolytic efficacy. One of the trials compared Passiflora to placebo (Movafegh et al. 2008) , and two others showed Passiflora to have anxiolytic efficacy similar to benzodiazepines (Mori et al. 1993; Akhondzadeh et al. 2001b ). In addition, Passiflora extract showed sedative effects in 2 clinical trials (Akhondzadeh et al. 2001a; Movafegh et al. 2008) .
In preparation for a clinical trial in epilepsy patients, potential mechanisms of Passiflora extracts and the effect of extraction method on ingredients and biological effects were explored. An initial extract was tested with full and with reduced amino acid content in a hippocampal slice preparation. Using several extraction methods, another 5 extracts were prepared from the same original plant material. All 5 extracts were analyzed for flavonoid and amino acid content, and tested for neurological effects in mice using the elevated plus maze, the rotarod, and the subcutaneous PTZ model of epileptic seizures after application in the drinking water for one week.
Methods

Passiflora extracts for in vitro testing in hippocampal slices
Whole extract-An extract of passionflower (Lot# PAS 02034C) was obtained from a local dietary supplement manufacturer, Oregon's Wild Harvest (OWH), Sandy, OR. Fresh passionflower, collected from the wild, was steeped in 44% ethanol for 35 days. The extract was distilled to remove ethanol, and freeze dried to a dry powder (1 g equivalent to 25.78 g of fresh Passionflower herb or 5.6 g of dried plant material).
Amino acid-reduced extract-The freeze dried powder from above (3 g) was dissolved in a minimum amount of water and applied to a column containing EMD C-18 silica gel 60 (Sigma; 100 g), previously conditioned with methanol and water. Amino acids were eluted with water (1 l), and flavonoids by elution with 80% aqueous methanol containing 1% ammonia (400 ml), methanol:chloroform; water (48:30:12; 150 ml), chloroform (100 ml) and finally dichloromethane; methanol; ammonia (200:75:5; 175 ml). The water elution containing amino acids was freeze dried (extracted amino acids, 2.4 g). The combined organic elutions were dried on a centrifugal evaporator (amino-acid reduced extract, 0.8 g).
Thin layer chromatography (TLC) of amino acids in Passiflora extracts-Amino acids in the various Passiflora extracts (50 mg/ml; 10 μl) were compared by TLC on silica gel with n-butanol-acetone-glacial acetic acid-water 35:35:10:20 as mobile phase. Standards applied (1 mg/ml; 10 μl) were alanine, aspartic acid, cystine, GABA, glutamine, glycine, methionine, serine, tryptophan, and tyrosine (Sigma-Aldrich). Amino acids were visualized by spraying with 0.3% ninhydrin in n-butanol containing 3% acetic acid and heated for 10 minutes. Amino acids, including GABA were prominent in the total extract and amino acid extract, and virtually absent in the amino acid reduced extract. Using NIH ImageJ for simple densitometry, GABA content was semi-quantified as compared to a 1 mg/ml (10 μl) GABA standard.
Passiflora extracts for in vivo testing in CF1 mice
Passiflora herb source-Fresh Passiflora herb (flower, fruit, leaf, and stem) was collected from the wild in Salisbury, North Carolina, USA by Botanical Supply, Inc. and obtained from OWH (Lot# PAS035FWBO). A voucher specimen was deposited with the herbarium at Portland State University and confirmed to be Passiflora incarnata L.. A portion of the batch was air-dried in a drying room at OWH. Moisture content of the fresh and dried herb was determined as 75% and 5 % respectively, using an A&D MF-50 moisture analyzer.
Extraction methods-Five different extracts were prepared from fresh or dried Passiflora herb as described in Table 1 . Extract PAS 1 was prepared at OWH, whereas extracts PAS 4, 5, 7 and 8 were prepared at OHSU. Ethanol was removed from extracts using a rotary evaporator, and residual water by freeze drying. The weight of the freezedried residue was calculated as percent of the weight of fresh or dried herb extracted, and corrected for moisture content to enable comparison of the extracts (Table 1) .
HPLC-A chemical fingerprint of the freeze-dried Passiflora extracts was obtained using an Agilent HPLC-DAD apparatus with an Econosil 5 micron C18 column. A stepwise, binary gradient of acetonitrile and water, each containing 0.1% acetic acid, was applied. The percentage of acetonitrile was 5, 25, 50 and 70 at 0, 20, 35 and 40 min respectively, with a return to starting conditions from 45 to 48 min. UV absorbance was monitored at 205 nm, 254 nm, 290 nm, 330 nm, and 350 nm. For LC-MS, full scan electrospray ionization mass spectra of the eluent were obtained using a ThermoElectron LCQ Advantage 3D Ion trap tandem mass spectrometer (San Jose, CA). The ionization source was operated in the negative mode with spray voltage 4500 V, sheath gas 35, auxiliary gas 15, capillary temperature 275°C and tube lens 40 V. Total and individual flavonoids were estimated against vitexin as a standard, using peak areas obtained at 330 nm.
Hippocampal slice physiology-Male Sprague Dawley albino rats were obtained from and housed in the OHSU NSI vivarium. Care and use of the animals was approved by the OHSU Animal Research Committee and performed according to its policies and guidelines.
Hippocampal slices were prepared from young (2-3 week old) rats and kept viable by perfusion with O 2 -saturated artificial CSF as described (Rossi et al. 2000) . Electrical currents induced in the cell membrane by Passiflora total extract and amino acid reduced extract were measured under whole-cell voltage clamp conditions (Rossi et al. 2000) . All current traces and the mean values are from CA1 pyramidal cells voltage-clamped at −30 mV with E Cl -set to −60 mV, so GABA A mediated chloride currents were outward currents. Blocking a GABA A mediated current resulted in an inward current. All experiments were performed in the presence of the glutamate receptor antagonist kynurenic acid (1mM).
In vivo studies in CF-1 mice-Male CF-1 mice were obtained from and housed in the OHSU vivarium. Care and use of the animals was approved by the OHSU Animal Research Committee and performed according to its policies and guidelines. Each of the 5 different passionflower extracts was tested on a group of CF-1 mice after continuous administration in the drinking water (1000 mg freeze dried extract/kg/day; equivalent to between 4.2 and 13 g of dry herb/kg/day depending on preparation method) for one week and compared to a group of control mice which received normal drinking water.
PTZ-induced seizure model-Effects of passionflower on seizure activity induced by subcutaneous injection of 85 mg/kg pentylenetetrazol (PTZ) (Swinyard et al. 1989) were determined in groups of 8 CF-1 mice for each of the 5 passionflower extracts and compared to a group of 28 control mice. At this dose of the proconvulsant, 97% of unprotected mice typically experience clonic seizures for at least 5 minutes (Swinyard et al. 1989) . Over an observation time of one hour after PTZ injection, the number of stage 2 seizures (face and forelimb clonus), and of stage 4 seizures (tonic hindlimb extension) was counted for each mouse simultaneously by 2 or 3 trained observers blinded to the animals' treatment status.
Measures of Anxiety in the Elevated Plus maze and Sensorimotor Function on
the Rotarod-Groups of 8 CF-1 mice for each of the 5 passionflower extracts and 8 control mice were tested for sensorimotor function using a rotarod (Kinder Scientific, Poway, CA), as described (Acevedo et al. 2006 ). In the same mice, measures of anxiety were assessed using the elevated plus maze (Kinder Scientific, Poway, CA), as described (Acevedo et al. 2006) . (Table 1) were obtained using HPLC-DAD and LC-MS. A typical Passiflora flavonoid profile with 11 peaks was detected; Fig. 1 shows the profile of PAS1 as an example. The identity of the major peaks (Table 2 ) was derived by obtaining molecular weights from LC-MS ( Fig. 2) and comparison of their elution order to published reports (Raffaelli et al. 1997; Bilia et al. 2002) . Peaks seen by LC-MS beyond 39 minutes elution time ( Fig. 2) do not appear when using UV detection at wavelengths above 250nm, suggesting that these relatively lipophilic components are not flavonoids, lack aromatic rings and may represent terpenoids.
Results
Chemical analysis of
A comparison of flavonoid content obtained with each of the 5 different extraction methods (Table 3) showed that there were large differences in total flavonoid yields with different extraction methods. Highest flavonoid yields were obtained using a hot (100°C) solvent (PAS 4, PAS 7, PAS 8, Table 1 ). Using only cold (4°C) extraction (PAS 1, PAS 5) resulted in about 10-fold lower total flavonoid yield. This was independent of solvent composition (ethanol or water), and independent of the use of fresh or dry herb. Similar results were also seen with additional, different extraction methods (data not shown). In contrast, the general flavonoid profile was not substantially affected by different extraction methods. All extracts appear to follow a similar pattern, with isoschaftoside, schaftoside, isovitexin and isovitexin glucoside forming the major components. The relative proportions of these components varied somewhat.
Passionflower extract amino acids by thin-layer chromatography (TLC)-To
determine the effect of different extraction methods on amino acid content, a simple analysis was done using TLC-densitometry. Fig. 3 shows a TLC chemical fingerprint analysis for amino acids in the five different Passiflora extracts.
GABA was the dominant amino acid in all extracts (Fig. 3A) . The highest amino acid and GABA content was seen in extract PAS 1 (Fig. 3B) , prepared from fresh herb by cold extraction (Table 1 ). This suggests that using either dried herb or hot extraction may reduce the proportion of amino acids in the extract.
In vivo and in vitro biological assays of extract properties 3. Direct GABA agonist effect of Passiflora extract on hippocampal pyramidal cells-Experiments were conducted to test potential effects of whole Passiflora extract in CA1 pyramidal cells in hippocampal slices. Bath application of Passiflora extract to voltageclamped pyramidal cells did not affect the rise time, amplitude or decay time of electricallyevoked synaptic currents mediated by pharmacologically identified GABA A receptors (data not shown). However, the extract did evoke a direct current with a dose-dependent amplitude (Figs. 4A and C) . This was mediated by GABA A receptors, as evidenced by its complete but reversible block by the GABA A receptor antagonist GABAzine (10 μM, Fig. 4A ). The GABA A receptor current was likely elicited by GABA present in the extract, because no current was induced by extracts from which GABA and other amino-acids had been largely removed (Figs. 4B, C and D). Two of the extracts, PAS4 and PAS5, reduced the frequency and severity of PTZ-induced seizures (Fig. 5) . Surprisingly, all of the Passiflora extracts increased anxiety levels when compared to control, as evidenced by significantly reduced time in the open arms of the elevated plus maze and other measures of anxiety (Fig. 6 ). These anxiogenic effects were most prominent in mice treated with extracts PAS 5 and PAS 8. None of the extracts had an effect on sensorimotor function, assessed as fall latency on the rotarod (Fig. 7A) or the total distance moved in the elevated plus maze (Fig. 7B ). These data confirm that potential sedative effects of Passiflora extracts did not contribute to their observed behavioral effects in the plus maze.
Effects of
Comparison of extract properties following 5 different extraction methods-
A summary of all extract properties is shown in Table 4 . Comparing ingredient and biological activity from all extracts, there was no correlation between total flavonoid or GABA content with anxiogenic or anticonvulsant effects. The two extracts with the highest GABA content (PAS 1 and PAS 8) did not show anticonvulsant effects, and the two extracts with anticonvulsant effects differed widely in their total flavonoid content (PAS 4 and PAS 5). Similarly, there was no correlation between GABA content and anxiogenic effects.
Discussion
In the present study of 5 extracts prepared from a single batch of Passiflora incarnata, we found that different extraction methods influenced the extract yield and total flavonoid and GABA content. Extraction method also affected the anticonvulsant potential. In contrast, the relative proportions of specific flavonoids, and the surprising anxiogenic effects seen in all tested extracts were not much affected by the extraction method. There was no correlation between measured flavonoid and GABA content with anticonvulsant effects of the extracts.
GABA and anticonvulsant effects
While many plant extracts contain amino acids, Passiflora extracts were found to have the highest GABA content of 21 examined plants (Carratù et al. 2008) . Our studies show that Passiflora extracts not only contain a high amount of GABA, but are also able to induce direct GABA A currents in CA1 hippocampal pyramidal neurons. Since the extract with reduced amino acid levels induced no current, it is likely that the GABA content of the extract is sufficient to explain the observed GABA currents in vitro. As the main endogenous inhibitory neurotransmitter, GABA might be expected to act as a natural anticonvulsant. However, we did not find a correlation between an extract's GABA content and its anticonvulsant activity in vivo. Since orally administered GABA is subject to active transport across membranes both in the intestinal tract as well as across the blood-brain barrier (Takanaga et al. 2001) , the pharmacological significance of GABA-content in Passiflora extract is still unclear.
Anxiogenic effects
Our study is the first to administer Passiflora incarnata extracts in the drinking water for 1 week prior to behavioral testing in CF1 mice, thus closely mimicking regular intake using the oral route in humans. Strikingly, our data showed an increase in anxiety measures. Importantly, the activity of the mice was not affected, excluding the possibility that potential alterations in activity contributed to the increase in anxiety measures. Consistent with this, we also found that intraperitoneal (i.p.) injections of C57Bl6/J wild-type mice or mice deficient in apolipoprotein E once 1 hour prior to behavioral testing increased measures of anxiety (data not shown). In contrast to our findings, other studies have reported anxiety-reducing effects of Passiflora extracts following single i.p. injections or oral (p.o.) administration (Table 5) .
Differences between Passiflora botanical species tested, geographical source of plants, extraction methods, dose, method and duration of administration, vehicle used, test animal species and strain, baseline anxiety levels and potential effects of the extracts on activity levels might all have contributed to the divergent findings. In our studies, the baseline anxiety levels in the vehicle-treated animals were such that we could easily detect both increases and decreases in measures of anxiety. However, for all previous animal studies on effects of P. incarnata on anxiety (Table 5) , baseline anxiety levels were very high, with animals spending 5% or less time spent in open arms of the plus maze. Clearly, it is difficult if not impossible to detect a potential anxiogenic effect under these experimental conditions. In addition, potential effects on activity levels could contribute to group differences in performance in anxiety mazes. There, it is key to assess activity levels to exclude these potential confounds but not in all studies is this actually done. This is particularly important for anxiety-modulating compounds that often affect activity levels at higher doses. Clearly, future studies are warranted to determine the mechanisms underlying these differential effects. However, together these data support the concept that the effects of Passiflora incarnata extracts on measures of anxiety probably depend on the baseline anxiety state of the animals. In turn, this suggests that the extracts might function as modulators of one or several neurotransmitter systems, similar to positive and negative allosteric modulators whose action critically depends on the presence or absence of endogenous neurotransmitters whose levels would vary with baseline anxiety states. The anxiogenic results observed here, in vivo, also contradict reported clinical anxiolytic effects of Passiflora incarnata. However, the clinical results are specific to the Passiflora product tested. Plant extracts containing so many different constituents can exhibit a variety of effects, sometimes contradictory, depending on the chemical composition, route of administration and dosage of the individual extracts used. Furthermore in vitro and in vivo effects of pharmacological agents do not always correlate directly to clinical studies, due to issues of bioavailability, metabolism, and species differences. Additionally, the clinical data (Table 5) is not without limitations. Two of the published clinical studies of Passiflora extracts did not have a placebo control (Mori et al. 1993; Akhondzadeh et al. 2001b) , and the third (Movafegh et al. 2008 ) measured anxiety by an unusual, possibly not standardized scale. Large, welldesigned clinical studies, possibly comparing a variety of Passiflora extracts, are needed for a more complete understanding of the range of clinical actions of Passionflower.
Role of flavonoids
Are flavonoids the active ingredient of Passiflora? In the more recent literature, flavonoids are considered the most likely active ingredient (Speroni and Minghetti 1988; Dhawan et al. 2001b; Dhawan et al. 2004) , because some flavonoids have anxiolytic properties in mice similar to benzodiazepines (Zanoli et al. 2000) , and modulate (Kavvadias et al. 2004) or inhibit (Goutman et al. 2003 ) GABA A and GABA C receptor currents. However, while benzodiazepines typically show anticonvulsant, anxiolytic and sedative effects, Passiflora extracts in our study showed only anticonvulsant effects, no sedation and anxiogenic instead of the expected anxiolytic effects. Recent studies have shown that specific benzodiazepineinduced pharmacological effects are mediated by specific GABA A receptor subtypes; agonists acting on the α 1 subunit show predominantly sedative effects and partially anticonvulsant effects, while agonists acting on the α 2 subunit show predominantly anxiolytic effects (Rudolph and Möhler 2006; Fradley et al. 2007) . Since the natural flavonoids tested to date (hispidulin, apigenin, and quercetin) all seem to modulate α 1 GABA receptors, they may be more effective as anticonvulsants than as anxiolytics. It is also conceivable that the unexpected anxiogenic activity of Passiflora extracts under some conditions, such as dosage changes, may result from flavonoids which change from weak agonists to weak antagonists at specific GABA A receptor subtypes (Rudolph and Möhler 2006) . The reported narrow dose range of anxiolytic effects of Passiflora (Dhawan et al. 2001b; Grundmann et al. 2008 ) may also suggest the presence of both anxiolytic and anxiogenic components with different dose/response profiles, possibly with increased anxiogenic effect at higher doses.
Our studies in CA1 pyramidal cells in hippocampal slices are the first to examine whole Passiflora extract rather than isolated flavonoids, and, contrary to expectation, did not show benzodiazepine-like modulation of synaptic GABA A currents. One reason for this may be the low concentration of individual flavonoids in whole Passiflora extract, as pointed out by other authors . At the concentrations of whole extract used in our experiments (0.128-0.512 mg/ml), according to our HPLC analysis individual flavonoids are likely to have ranged up to 2 μg/ml; e.g. quercetin can be estimated at about 0.34 pM, which is well below its reported ED 50 of 30 μM to inhibit α 1 β 1 γ 2s GABA A and ρ 1 GABA C receptors.
Another reason for the absence of GABA A receptor modulation by whole Passiflora extract could be that the receptor characteristics of the hippocampal CA1 pyramidal cells tested were different from the receptor types shown to be modulated by flavonoids (inhibition by apigenin and quercetin, and modulation by hispidulin in α 1 β 1 γ 2s GABA A , α 1 γ 2 γ 2s GABA A and ρ 1 GABA C receptors, but no modulation in α 1 β 2 GABA A receptors (Kavvadias et al. 2004 
)).
It is also possible that we missed a phenomenon described as "second order positive modulation" of GABA A receptors (Campbell et al. 2004 ). This has been described in flavonoids such as apigenin (present in Passiflora incarnata), and means that GABA responses are only enhanced in the presence of a first order positive modulator such as diazepam. Endogenous first order GABA A modulators such as steroids and other hormones would not have been present in our slice experiments.
There are several reports suggesting that a poorly defined, tri-substituted benzoflavone compound termed BZF is the active ingredient of Passiflora incarnata (Dhawan et al. 2003; Dhawan et al. 2004) . No matching compound was detected in our studies after careful examination by TLC or LC-MS following the published descriptions (Dhawan et al. 2003; Dhawan et al. 2004 ). Since our studies showed little variation in relative abundance of specific flavonoids with extraction methods, if present but not detected, the benzoflavone compound would have been expected to co-vary with total flavonoid content, which was not correlated with anticonvulsant or anxiogenic effects in our study.
In summary, the true active ingredients of Passiflora incarnata extract remain elusive. They might comprise one or more specific flavonoids that we were unable to individually detect and characterize, or they might be compounds of altogether different chemical characteristics such as the unidentified lipophilic compounds seen in our LC-MS study. Passiflora bioactivity may also result from synergistic actions of several compounds, such as a combination of GABA with additional compounds which may facilitate its membrane permeation, and possibly along with second order positive modulation of GABA A receptors by flavonoids (Campbell et al. 2004 ). The recent literature, e.g. on interactions between multiple sedative ingredients of Valeriana officinalis (Marder et al. 2003; Fernández et al. 2004; Granger et al. 2005) , suggests that such synergistic interactions between several active constituents within the same extract may be a common finding in natural products (Johnston et al. 2006) . Future efforts are clearly warranted to determine the active ingredients of Passiflora and the mechanisms underlying their behavioral effects. HPLC analysis of (A) the flavonoid standard vitexin, and (B) Passiflora incarnata extract (PAS1) using UV detection at 330 nm. LC-MS analysis of Passiflora incarnata extract (PAS1). Numbers above the peaks indicate the designated peak number. The likely identification of the numbered peaks is given in Table  2 . Hippocampal pyramidal cell responses to Passiflora extract. Each specimen trace is from a different cell. The scale bar is the same for all traces. A, Traces of inhibitory currents elicited by Passiflora extract. Inhibition by GABAzine was tested in 2 cells at 0.128 mg/ml, 3 cells at 0.256 mg/ml and 2 cells at 0.512 mg/ml Passiflora extract. In all 7 cases, the block by GABAzine (10 μM) was 100%. B, No currents were seen with amino acid reduced Passiflora extract. C, Dose response curve with points representing 0 mg/ml, 0.128 mg/ml (n=6), 0.256 mg/ml (n=5) and 0.512 mg/ml (n=4). The amino acid reduced extract (red dot) was tested at 0.138 mg/ml (n=8). D, TLC comparison of whole Passiflora extract (Whole PAS), amino acid-reduced PAS extract (AA-reduced PAS), and amino acids removed from PAS extract (Extracted AA) with standard amino acids including GABA. Effects of Passiflora extracts on pentylenetetrazol (PTZ) induced seizures in CF-1 mice. A, the average number of stage 2 seizures (face and forelimb clonus). B, the average number of stage 4 seizures (fatal tonic hindlimb extension). Means and standard errors are shown, and statistically significant differences versus control (**) as well as trends toward significance (*) are noted (**p < 0.05, *p < 0.08, one-way ANOVA followed by Tukey's LSD, two-tailed). Effect of 5 extracts on sensorimotor activity in the rotarod (A, average of 3 trials) and total distance moved in the plus maze (B). None of the extracts resulted in a reduction of locomotor activity. Table 1 Extraction methods of the five extracts from P. incarnata Extraction methods of the five extracts from P. incarnata whole herb, and the relative yields of each extraction method are shown. Likely identity of flavonoid peaks in Passiflora extract (PAS1)
Likely identity of flavonoid peaks in Passiflora extract (PAS1) based on elution order and molecular weight derived from negative ion electrospray LC-MS. Peak# corresponds to peak numbers in Fig. 2 LC-MS flavonoid analysis of the 5 different Passiflora extracts Summary LC-MS flavonoid analysis of the 5 different Passiflora extracts using UV detection at 330 nm. The total flavonoid content, obtained as the sum of peak areas relative to vitexin, of each of the 5 different extracts is shown, along with the relative percent distribution of those flavonoids that could be identified with some certainty by comparison to the mass spectrometric analysis (Fig. 2 , Table 2 ). (Petry et al. 2001) 12 Wistar rats/group P. alata P. edulis Collected in Rio Grande, Brazil Hot water extraction Anxiolytic (plus maze) 35% no change/increased 400-800 mg/kg p.o.
Propylene glycol and saline (Reginatto al. 2006) 10 BL6/C57 mice/group P. incarnata Pascoe Pharmaceutic al Co. (Movafegh al. 2008) 
